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Part 1. Density Functional Theory Calculation Methods 
 
DFT calculations were done using version 8.3 of Jaguar, Schrödinger, Inc.’s electronic structure 
software.  All calculations (geometry optimizations and frequency calculations) were done in water 
(isolv=2) using the B3LYP functional and the 6-31G* basis set.  Final geometries of structures 1-3 
follow.  For the frequency calculations (ifreq=1), ultrafine grids were used (gdftder2=gdftcphf=-13), and 
Peter Pulay et. al.’s Scaled Quantum Mechanical force field method was applied (isqm=1), which 
scales individual elements of the Hessian according to the type of vibration. This corrects for 
systematic deficiencies in the wavenumbers calculated at the B3LYP/6-31G* level of theory (Baker, J. 
et. al., J. Phys. Chem. A, 1998, 102, 1412–1424). 
 
Structure 1 final geometry: 
 
 O1             -2.8843370000             0.8575900000            -3.4793340000 
 C2             -1.8003270000             1.4263520000            -2.7421970000 
 C3             -1.2288950000             0.3621640000            -1.7946190000 
 O4             -0.0249810000             0.9317150000            -1.2096030000 
 C5             -2.1424180000            -0.0156100000            -0.6094230000 
 C6             -0.1841170000             1.2291760000             0.1581130000 
 O7             -1.9606130000            -1.3759050000            -0.1987870000 
 C8             -1.6522190000             0.9204780000             0.5098040000 
 N9              0.8221990000             0.4623110000             0.9809170000 
 C10             1.2068510000            -0.8050310000             0.6606400000 
 C11             1.3520580000             1.1289880000             2.0892210000 
 C12             2.1420640000            -1.5072390000             1.3753880000 
 O13             1.0011010000             2.2607050000             2.4165530000 
 N14             2.3096070000             0.4209620000             2.7890800000 
 C15             2.5156730000            -2.8336060000             1.0119400000 
 C16             2.7758650000            -0.8723740000             2.5357420000 
 C17             2.8218410000            -3.9574600000             0.6763290000 
 O18             3.6365040000            -1.3807960000             3.2516210000 
 H19            -3.1726400000             1.5236800000            -4.1363840000 
 H20            -0.9932000000             1.7595850000            -3.4102870000 
 H21            -2.1283920000             2.2995720000            -2.1546690000 
 H22            -0.9458380000            -0.5338460000            -2.3616490000 
 H23            -3.1945960000             0.1737000000            -0.8542380000 
 H24             0.0846290000             2.2710990000             0.3316300000 
 H25            -2.2817100000            -1.9495040000            -0.9247400000 
 H26            -1.7702930000             0.4796560000             1.5036960000 
 H27            -2.2191720000             1.8568770000             0.4841150000 
 H28             0.7241700000            -1.2327500000            -0.2104570000 
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 H29             2.7154710000             0.9086180000             3.5924050000 
 H30             3.0950010000            -4.9516330000             0.3922090000 
 
Structure 2 final geometry (atom C15 was set to the isotope C-13): 
 
 O1             -2.8841450000             0.8579240000            -3.4802570000 
 C2             -1.8001350000             1.4266860000            -2.7431200000 
 C3             -1.2287030000             0.3624980000            -1.7955420000 
 O4             -0.0247890000             0.9320490000            -1.2105260000 
 C5             -2.1422260000            -0.0152760000            -0.6103460000 
 C6             -0.1839250000             1.2295100000             0.1571900000 
 O7             -1.9604210000            -1.3755710000            -0.1997100000 
 C8             -1.6520270000             0.9208120000             0.5088810000 
 N9              0.8223910000             0.4626450000             0.9799940000 
 C10             1.2070430000            -0.8046970000             0.6597180000 
 C11             1.3522500000             1.1293220000             2.0882980000 
 C12             2.1422560000            -1.5069050000             1.3744650000 
 O13             1.0012930000             2.2610390000             2.4156300000 
 N14             2.3097990000             0.4212960000             2.7881570000 
 C15             2.5158650000            -2.8332720000             1.0110170000 
 C16             2.7760570000            -0.8720400000             2.5348190000 
 C17             2.8220330000            -3.9571260000             0.6754060000 
 O18             3.6366950000            -1.3804620000             3.2506990000 
 H19            -3.1724480000             1.5240140000            -4.1373060000 
 H20            -0.9930080000             1.7599190000            -3.4112090000 
 H21            -2.1282000000             2.2999060000            -2.1555910000 
 H22            -0.9456460000            -0.5335130000            -2.3625720000 
 H23            -3.1944040000             0.1740340000            -0.8551610000 
 H24             0.0848210000             2.2714330000             0.3307080000 
 H25            -2.2815180000            -1.9491700000            -0.9256620000 
 H26            -1.7701010000             0.4799900000             1.5027730000 
 H27            -2.2189800000             1.8572110000             0.4831930000 
 H28             0.7243620000            -1.2324160000            -0.2113800000 
 H29             2.7156630000             0.9089520000             3.5914820000 
 H30             3.0951930000            -4.9512990000             0.3912860000 
 
Structure 3 final geometry (atoms C15 and C17 were set to the isotope C-13): 
 
 O1             -2.8837710000             0.8584020000            -3.4815580000 
 C2             -1.7997610000             1.4271640000            -2.7444210000 
 C3             -1.2283290000             0.3629760000            -1.7968430000 
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 O4             -0.0244150000             0.9325270000            -1.2118270000 
 C5             -2.1418520000            -0.0147980000            -0.6116470000 
 C6             -0.1835500000             1.2299880000             0.1558890000 
 O7             -1.9600470000            -1.3750930000            -0.2010110000 
 C8             -1.6516530000             0.9212900000             0.5075800000 
 N9              0.8227650000             0.4631230000             0.9786930000 
 C10             1.2074170000            -0.8042190000             0.6584170000 
 C11             1.3526240000             1.1298000000             2.0869970000 
 C12             2.1426300000            -1.5064270000             1.3731640000 
 O13             1.0016670000             2.2615170000             2.4143290000 
 N14             2.3101730000             0.4217740000             2.7868560000 
 C15             2.5162390000            -2.8327940000             1.0097160000 
 C16             2.7764310000            -0.8715620000             2.5335180000 
 C17             2.8224070000            -3.9566480000             0.6741050000 
 O18             3.6370700000            -1.3799840000             3.2493980000 
 H19            -3.1720740000             1.5244920000            -4.1386080000 
 H20            -0.9926340000             1.7603970000            -3.4125100000 
 H21            -2.1278250000             2.3003840000            -2.1568920000 
 H22            -0.9452720000            -0.5330340000            -2.3638730000 
 H23            -3.1940300000             0.1745120000            -0.8564620000 
 H24             0.0851950000             2.2719110000             0.3294070000 
 H25            -2.2811440000            -1.9486920000            -0.9269630000 
 H26            -1.7697270000             0.4804680000             1.5014720000 
 H27            -2.2186060000             1.8576890000             0.4818920000 
 H28             0.7247360000            -1.2319380000            -0.2126810000 
 H29             2.7160370000             0.9094300000             3.5901810000 
 H30             3.0955670000            -4.9508210000             0.3899850000 
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Part 2. Synthetic Chemistry 
 
 
General Methods. Unless otherwise noted, reagents and solvents were obtained from Sigma-Aldrich, 
Alfa-Aesar and Cambridge Isotopes and were used without further purification. Flash chromatography 
was performed on a Teledyne ISCO CombiFlashRf using RediSepRf silica gel columns. Nuclear 
magnetic resonance (NMR) spectra were recorded on a Bruker 500 (500MHz) Bruker 400 (400 MHz) 
or Bruker 300 (300 MHz) Fourier Transform (FT) NMR spectrometers at Columbia University, 
Chemistry Department. 1H NMR spectra are tabulated in the following order: multiplicity (s, singlet; d, 
doublet; t, triplet; m, multiplet; br, broad), number of protons. Chemical shifts are referenced to the 
solvent residual peak. Fast Atom Bombardment (FAB) high resolution mass spectra (HRMS) were 
recorded on a JMS-HX110A mass spectrometer, and low resolution electron spray ionization (ESI) MS 
were recorded on a JMS-LC mate mass spectrometer. 
 
 
Synthesis of 4: 
 
To a solution of 5-iodo-2’-deoxyuridine (S1, 150 mg, 0.42 mmol) in 1.5 ml of pyridine was added 0.4 ml 
(0.42 mmol) acetic anhydride at 0 °C. The resulting mixture was warmed up to room temperature and 
stirred for 4 h, then poured into 5 ml of cold 1 N NaHSO4 and extracted with ethyl acetate three times. 
The organic layer was washed with saturated NaHCO3 and brine, dried over anhydrous Na2SO4 and 
concentrated. The crude product was purified by column chromatography on silica gel (0-70% Ethyl 
acetate in Hexanes) to give 4 (157.3 mg, 0.36 mmol, 85%) as a white solid. 
1
H NMR (400 MHz, CDCl3) δ ppm: 8.46 (s, 1 H), 7.97 (s, 1 H), 6.28 (dd, J = 8.2, 5.7 Hz, 1 H), 5.27 – 
5.19 (m, 1 H), 4.41 (dd, J = 12.3, 3.2 Hz, 1 H), 4.34 (dd, J = 12.3, 2.9 Hz, 1 H), 4.30 (q, J = 2.9 Hz, 1 H), 
2.54 (ddd, J = 14.3, 5.7, 2.1 Hz, 1 H), 2.21 (s, 3 H), 2.20 – 2.13 (m, 1 H), 2.12 (s, 3 H). 
MS (APCI+) m/z Calcd. for C13H16IN2O7 [M+H]
+
: 439.0. Found: 438.8 
 
 
Synthesis of 5: 
 
To an oven-dried vial was added 4 (72 mg, 164 µmol), Pd(OAc)2 (3.6 mg, 16 µmol), PPh3 (8.6 mg, 33 
µmol), CuI (3.1 mg, 16 µmol), DMF (2 ml), Et3N (50 mg, 69 µl, 492 µmol) and TMS
13
C≡
13
CH (25 mg, 
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250 µmol) under Ar. The yellow mixture was stirred at RT for 15 h before concentrated in vacuo. The 
residue was purified by column chromatography on silica gel (0-70% Ethyl acetate in Hexanes) to give 
5 (48.4 mg, 118 µmol, 72%) as a thin film. 
1
H NMR (400 MHz, Methanol-d4) δ 7.98 (d, J = 5.0 Hz, 1 H), 6.23 (dd, J = 7.8, 6.0 Hz, 1 H), 5.28 (dt, J 
= 6.7, 2.6 Hz, 1 H), 4.36 (t, J = 3.1 Hz, 2 H), 4.34 – 4.28 (m, 1 H), 2.50 (ddd, J = 14.5, 6.0, 2.5 Hz, 1 H), 
2.39 (ddd, J = 14.5, 7.9, 6.6 Hz, 1 H), 2.16 (s, 3 H), 2.09 (s, 3 H), 0.20 (d, J = 2.5 Hz, 9 H). 
13
C NMR 
(101 MHz, MeOD) δ 99.54 (d, J = 140.5 Hz), 96.95 (d, J = 140.5 Hz). 
MS (APCI+) m/z Calcd. for C16
13
C2H25N2O7Si [M+H]
+
: 411.2. Found: 411.0 
 
 
Synthesis of 3: 
 
To a solution of 5 (3.5 mg, 8.5 µmol) in 0.9 ml MeOH and 0.1 ml H2O was added K2CO3 (6.0 mg, 43 
µmol) at RT. The reaction was stirred overnight before concentrated in vacuo. The residue was purified 
by reverse phase HPLC to give compound 3 (1.6 mg, 6.4 µmol, 75%) as a thin film. 
HPLC condition: 20 min gradient elution using H2O:MeCN starting from 100:0 to 85:15. Retention time: 
15.4 min  
1
H NMR (400 MHz, MeOD) δ: 8.39 (d, J = 5.6 Hz, 1 H); 6.24 (t, J = 6.4 Hz, 1 H); 4.40 (m, 1 H); 3.94 (dd, 
J = 6.4, 3.2 Hz, 1 H); 3.82 (dd, J = 12, 3.2 Hz, 1 H); 3.73 (dd, J = 12, 3.6 Hz, 1 H); 3.53 (dd, J = 250.4, 
54.8 Hz, 1 H); 2.32 (ddd, J = 13.6, 6, 3.6 Hz, 1 H); 2.23 (m, 1 H).
 13
C NMR (101 MHz, MeOD) δ 82.87 
(d, J = 180.4 Hz), 75.85 (d, J = 180.3 Hz). 
MS (FAB+) m/z Calcd. for C9
13
C2H13N2O5 [M+H]
+
: 255.09. Found: 255.11 
 
S7 
 
 
Figure S1. 
1
H NMR (400 MHz) of 3 in MeOD. 
 
 
Investigation of conditions for the alkyne cross-metathesis (Table 1). 
 
 
J = 5.6 Hz
J = 54.8 Hz
J = 250.4 Hz
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General procedure: 
In a glove box filled with Ar, substrate 6 and catalyst 7/8 was added to a solution of 5 in 0.5 mL toluene 
(catalyst 8 was prepared in CCl4 in situ according to Jyothish and Zhang (Angew. Chem. Int. Ed. Engl. 
50, 3435–8 (2011))). The mixture was left at the indicated temperature for 12 H before concentrated in 
vacuo. The residue was purified by column chromatography on silica gel (0-70% Ethyl acetate in 
Hexanes) to recover 5 or to yield 5/5a. 
 
Entry 2: The starting material is not recovered. A side product, tentatively assigned as the C1’ anomer 
of 5 according to 
1
HNMR (Figure S2), is isolated.    
 
 
Figure S2. 
1
HNMR spectra of 5 (red) and the side product isolated (cyan).  
 
Entry 4: A mixture of 5 and 5a is isolated (yield 20%). The mixture is characterized by 
1
HNMR (Figure 
S3). The isotopic ratio is determined according to peak intensities of HRMS (Figure S4). 
a
b
a’
a
b
b’
c
c/c’
a
a’
c/c’
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Figure S3. 
1
HNMR (400 MHz) of mixture 5/5a in MeOD. 
N
H
AcO
O
AcO
HN
O
O
13C
13C
Si
H
H
H
J = 2.5 Hz
Starting material
Product
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Figure S4. HRMS (FAB+) of (a) 5 and (b) mixture of 5/5a.  
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Synthesis of 9: 
 
To a solution of ethynylmagnesium bromide in THF (5.0 ml, 0.5 M solution, 2.5 mmol) was added 15 ml 
THF under Ar. The solution was cooled to -78 °C and 2.4 ml n-BuLi in hexane (1.6 M, 3.8 mmol) was 
added dropwisely. After 30 min, chloro(dimethyl)octylsilane (1.21 ml, 1.06 g, 5.1 mmol) was added 
dropwisely. The reaction was then warmed to RT and stirred for another 3h before filtered through a 
short pad of silica. The solvent was removed under reduced pressure and the residue was purified by 
column chromatography on silica gel (pure Hexanes) to give 9 (885 mg, 2.4 mmol, 96%) as a colorless 
liquid.  
1
H NMR (400 MHz, Chloroform-d) δ 1.42 – 1.24 (m, 24 H), 0.88 (t, J = 6.6 Hz, 6 H), 0.60 (dd, J = 9.4, 
6.2 Hz, 4 H), 0.13 (s, 12 H).
 13
C NMR (101 MHz, Chloroform-d) δ 113.94, 33.37, 32.12, 29.49, 29.43, 
23.92, 22.85, 16.26, 14.27, -1.55. 
HRMS (EI+) m/z Calcd. for C22H46Si2 [M]
+
:366.3138. Found: 366.3134 
 
 
Synthesis of 10: 
 
 
 
 
 
 
 
 
 
In a glove box filled with Ar, catalyst 8 (36.5 µmol, 5 eq.) was prepared in 0.5 mL dry CCl4 in situ 
according to the procedure documented by Jyothish and Zhang (Angew. Chem. Int. Ed. Engl. 50, 
3435–8 (2011)). To the solution of 8 in CCl4 was added 9 (267 mg, 0.73 mmol) and a solution of 5 (3.0 
mg, 7.3 µmol) in 0.5 mL dry CCl4. The mixture was heated to 70 °C for 8 h before concentrated in 
vacuo. The residue was purified by column chromatography on silica gel (0-70% Ethyl acetate in 
Hexanes) to recover 5 (0.5 mg, 1.2 µmol) and to give 10 (1.0 mg, 2.0 µmol, 27%, 33% B.R.S.M.) as a 
thin film. 
 
1
H NMR (400 MHz, Methanol-d4) δ 7.97 (d, J = 5.6 Hz, 1 H), 6.23 (dd, J = 7.9, 5.9 Hz, 1 H), 5.28 (dt, J 
= 6.8, 2.4 Hz, 1 H), 4.36 (dd, J = 5.8, 3.4 Hz, 2 H), 4.31 (dd, J = 6.3, 3.2 Hz, 1 H), 2.50 (ddd, J = 14.5, 
6.1, 2.5 Hz, 1 H), 2.38 (ddd, J = 20.2, 7.7, 6.1 Hz, 1 H), 2.15 (s, 3 H), 2.09 (s, 3 H), 1.30 (s, 12 H), 0.90 
(t, J = 6.9 Hz, 3 H), 0.70 – 0.62 (m, 2 H), 0.18 (s, 6 H).
 13
C NMR (101 MHz, MeOD) δ 97.56. 
MS (FAB+) m/z Calcd. for C24
13
CH38N2NaO7Si [M+Na]
+
: 530.24. Found: 530.25 
S12 
 
 
Synthesis of 2: 
 
 
To a solution of 10 (0.4 mg, 0.8 µmol) in 0.5 ml MeOH and 0.05 ml H2O was added K2CO3 (2.0 mg, 14 
µmol) and TBAF (20 µL, 1 M in THF) at RT. The reaction was stirred 7 h at RT before concentrated in 
vacuo. The residue was purified by reverse phase HPLC to give compound 2 (0.1 mg, 0.4 µmol, ~50%) 
as a thin film.  
HPLC condition: 20 min gradient elution using H2O:MeCN starting from 100:0 to 85:15. Retention time: 
15.4 min  
The mass of the product is determined by UV-Vis (λabs = 288 nm, ε = 12,000 cm
-1
M
-1
 in methanol). 
1
H NMR (500 MHz, Methanol-d4) δ 8.39 (d, J = 5.7 Hz, 1 H), 6.24 (t, J = 6.5 Hz, 1 H), 4.40 (dt, J = 6.6, 
3.6 Hz, 1 H), 3.94 (q, J = 3.3 Hz, 1 H), 3.82 (dd, J = 12.0, 3.1 Hz, 1 H), 3.73 (dd, J = 12.0, 3.4 Hz, 1 H), 
3.53 (d, J = 51.3 Hz, 1 H), 2.32 (ddd, J = 13.6, 6.2, 3.7 Hz, 1 H), 2.27 – 2.17 (m, 1 H).
 13
C NMR (101 
MHz, MeOD) δ 76.00. MS (ESI+) m/z Calcd. for C10
13
CH13N2O5 [M+H]
+
: 254.09. Found: 254.70 
 
 
Figure S5. 
1
H NMR (500 MHz) of 2 in MeOD. 
J = 5.7 Hz
J = 51.3 Hz
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Synthesis of S6: 
 
To an oven-dried vial was added S5 (15 mg, 50 µmol), Pd(OAc)2 (1.1 mg, 5 µmol), PPh3 (2.6 mg, 10 
µmol)  CuI (1.0 mg, 5 µmol), DMF (1 ml), Et3N (15 mg, 20.7 µl, 150 µmol) and TMS
13
C≡
13
CH (7.5 mg, 
10.8 µl, 75 µmol) under Ar. The mixture was stirred at RT for 12 h before concentrated in vacuo. The 
residue was purified by column chromatography on silica gel (0-50% methanol in dichloromethane) to 
give S6 (9.0 mg, 26 µmol, 52%) as a thin film. 
1
H NMR (400 MHz, Methanol-d4) δ 8.41 (d, J = 4.9 Hz, 1 H), 5.91 – 5.83 (m, 1 H), 4.21 – 4.13 (m, 2 H), 
4.07 – 3.98 (m, 1 H), 3.88 (dd, J = 12.2, 2.6 Hz, 1 H), 3.75 (dd, J = 12.2, 2.8 Hz, 1 H), 0.20 (d, J = 2.3 
Hz, 9 H). 
13
C NMR (101 MHz, MeOD) δ 99.24 (d, J = 141.0 Hz), 96.95 (d, J = 141.0 Hz). 
MS (FAB+) m/z Calcd. for C12
13
C2H21N2O6Si [M+H]
+
: 343.12. Found: 343.17 
 
Synthesis of 13: 
 
To a solution of S6 (3.0 mg, 8.8 µmol) in 0.6 ml MeOH and 0.1 ml H2O was added K2CO3 (5.0 mg, 36 
µmol) at RT. The reaction was stirred overnight before concentrated in vacuo. The residue was purified 
by reverse phase HPLC to give compound 13 (2.2 mg, 8.1 µmol, 92%) as a thin film. 
1
H NMR (400 MHz, Methanol-d4) δ 8.47 (d, J = 5.6 Hz, 1 H), 5.93 – 5.83 (m, 1 H), 4.21 – 4.13 (m, 2 H), 
4.06 – 3.98 (m, 1 H), 3.88 (dd, J = 12.2, 2.6 Hz, 1 H), 3.75 (dd, J = 12.2, 2.8 Hz, 1H), 3.54 (dd, J = 250.4, 
54.6 Hz).
 13
C NMR (101 MHz, MeOD) δ 82.90 (d, J = 180.2 Hz), 75.74  (d, J = 180.2 Hz). 
MS (ESI+) m/z Calcd. for C9
13
C2H13N2O6 [M+H]
+
: 271.08. Found: 271.51 
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Figure S6. 
1
H NMR (500 MHz) of 2 in MeOD. 
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